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之谜，其中也包括核受体的入核机制。核蛋白大部分通过 IMP α/IMP β 介导的经
典核质转运途径入核，其中核输入受体 IMP α 相当于连接器，两边分别连接核蛋
白 NLS 和 IMP β (或 IMP β 的同系物) 。为研究核受体是否是以 NLS 与 IMP α 结
合的方式而入核，我们通过分子克隆方法构建了 IMP α 和核受体片段的表达载
体，并通过 His 标签蛋白沉淀实验从生化水平探索 IMP α 和核受体之间的相互作
用。我们发现了核受体 ER α、THR α1、FXR 能和核输入蛋白 IMP α 之间发生相
互作用，且能结合不同亚型的 IMP α，说明了 IMP α 各亚型在转运核受体入核上
的可替代性，也进一步暗示了核受体 ER α、THR α1、FXR 借助了核质蛋白转运
系统进行转运。通过免疫共沉淀实验和分子筛层析技术分别从细胞和体外水平验
证了 ER α、THR α1 能与 IMP α 相互作用，得到了用于蛋白结晶的高纯度和浓度
的蛋白质复合物；同时也检验出 FXR 和 IMP α 之间的相互作用较弱。我们对表
达情况好且结合能力强的 ER α、THR α1 与 IMP α 亚型进行共结晶，并得到了





































Nuclear receptor superfamily is a kind of transcription factors regulated by the 
small molecule ligands, which can regulate the expression of downstream target genes, 
thus plays an important role in cell growth and differentiation, development and 
metabolism. These gene regulations have a close relationship with a series of diseases, 
such as diabetes, cancer, inflammation, and cardiovascular disease, etc. As a result, 
the nuclear receptors have already become key targets in drug discovery. Since the 
importance of nuclear receptors and their functional activities in the nucleus, it is a 
very significant cycle for the regulation of signaling pathway for their transport from 
cytoplasm to nucleus after synthesized in cytoplasm. Although much more researches 
have been performed in the functional and regulation mechanism of nuclear receptor 
recently, it still remains unknown for the mechanism of their nuclear import pathway. 
The entry into the nucleus of nucleoprotein is regulated mainly by the classical 
nuclear transport pathway mediated by IMP α/β, while the nuclear input receptor IMP 
α serves as a connector with the NLS of nucleoprotein and IMP β (or IMP beta 
homologues) via its different ends, respectively. In order to figure out that if the 
nuclear receptor enters into nucleus by binding of its NLS and IMP α ,we constructed 
the expression plasmids which contains fragments of IMP αs or nuclear receptors by 
cloning method, and detected the interaction between IMP α and nuclear receptors by 
His-tag pull-down analysis. As a result, we found that the nuclear receptor ER α,THR 
α1, and FXR interacted with different subtypes of IMP α, which suggests that the 
subtypes of IMP α are interchangeable when they trasport the nuclear receptors into 
the nucleus. By Co-Immunoprecipitation assay in vivo and molecular sieve 
chromatography assay in vitro, we have validated the interaction of ER α and THR α1 
with IMP α, respectively, and obtained their complex with high quality for further 
crystallization. At the same time, FXR and IMP α showed a weak interaction. We 
choose the ER α/IMP αs and THR α1/IMP αs to crystallize because of their high 
expression level and strong binding capacity, and got the initial crystals of ER α and 

















with IMP α, and crystallized the complexes. Our findings have a great 
guiding significance for the molecular mechanism of interaction between nuclear 
receptors and IMP α , and provide a unique perspective of exploring the mechanism 
of nuclear receptors into the nucleus and also a scientific basis for non-ligand 
medicine research targeting nuclear receptors.  
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临床药物占比超过 10％[6]，如以核受体雌激素受体 (ER) 作为靶标的药物：用于







的存在[8]。人类完整的基因组包含 48 个核受体，大鼠有 47 种，小鼠有 49 种[10]，
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表 1-1 人核受体分类[15] 
Table 1-1 Classification of Human nuclear receptors 
经典核受体  “被领养的”孤儿核受体  孤儿核受体 
AR CAR COUP-TF (Ⅰ,Ⅱ,Ⅲ) 
ER (α,β) ERR (α,β,γ) DAX-1 
GR FXR RORγ 
MR HNF4 (α,γ) GCNF 
PR LXR (α,β) NGFI-B (α,β,γ) 
RAR (α,β,γ) PPAR (α,β,γ) PNR 
THR (α,β) PXR RevErbA 
VDR ROR SHP 
 RXR (α,β,γ) TLX 
 LHR TR2，TR4 





下五个功能区域 (图 1-1) ：包含 AF-1 的 N 端 A/B 区域；包含一个 DBD 的中央
C 区域，包含一个 LBD 的 C 端 E 区域，和连接 DBD 和 LBD 的铰链 D 区域。 
 
 
图 1-1 经典核受体的基本结构[16] 
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